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FOREWORD

Information concerning permanent and transient
features of current systems as well as the factors
controlling these features is essential to the pre-
diction of currents. Just as in the case of weather
elements, current patterns existing at a given time may
vary appreciably from the overall average portrayed on
Hydrographic Office Pilot Charts. Thus, the difference
between average and the actual currents existing between
14 March and 9 June 1953 are of particular interest in
future studies and publication on currents in the Caribbean
area.

During the period while he was Commanding Officer
of the USS PURSUIT, LCDR Chimiak, USN, professionally
conducted the field survey upon which this report is
based. Miss Keen analyzed the survey data and pre-
pared the technical report.

ICOCHAN
Captain, U. S. Navy
Hydrographer
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l. UITRODUCTION

Between 14 March and 5 May 1953 the USS PURSUIT made a current
survey in the northern Caribbean area bounded by Cuba, Hispaniola,
and Jamaica. The survey, consisted of 21 oceanographic stations
(numbers 13-21, 33-442, and 50)l and 50 Geomagnetic Electrokine-
tograph (GK) observations. In support of this survey the USS SAN
PABLO took 3 anchor stations and 69 GEK observations in the area
during the period 29 May to 9 June 1953. The RV ATLANTIS (Woods
Hole Oceanographic Institution research vessel) also took 116 (EK
observations in the area between 18 March and 13 April 1953.

Dynamic height anomalies were computed from the oceanographic
station data, Current pattern determined from dynamic topography
are shown for the surface, 100-, 500-, and 1,OO0-meter levels
relative to a reference level of 1,200 meters (figs. 1-4). The
figures, with the exception of Windward Passage, show little change
in the current pattern of horizontal flow to a depth of 1,000 meters.
The current pattern at the surface with reference to 400 meters
(where comparatively stable conditions were found) is shown in
figure 5. A comparison of figures 1 and 5 shows that the greatest
changes take place within the upper 400 meters.
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Fig. I. Current pattern at surface determined from dynamic topography relatly. to 1,2DO-meter 1Vyt

1Station data are available at the U. S. Navy Hydrographic Office.

1



tt

Ao-

*'L - - o.

Fig. 2. Curent pattern at 100 metors determined from dynamic topography relative to l.2D0.meter low."
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Fig. 3. Current pattern at SDO metors determined from dynamic topography relative to 1,2DO-mes level
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Fig. 4. Current pattern at 1,000 motors determined from dynamic topography relative to 1,200-meter level
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Fig9. S. Current pattern at surface determined from dynamic topography relative to 400-meter level
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Average differences in dynamic height between various depths
are presented below in dynamic centimeters:

Depth Interval Average Dynamic Average Number of
(Meters) Height Differences Deviation ' Stations

0-250 83 4.6 69-95 21
250-500 39 2.3 33-49 21
500-800 33 3.25 27-49 20
800-1200 26 2.6 18-40 18

The largest proportion of flow, as well as the fastest, takes place
in the top 250 meters. The values compare favorably with those of
Parr (1936) for the entire Caribbean area survey in 1933 and 1934.

II. GEK OBSERVATIONS

It is important to state that the GEK is a spot observation which
measures not only current resulting from general circulation, but also
transient wind-driven and inertia currents. However, in the case of
the USS PURSUIT data, an attempt to correlate current directions with
local meteorological conditions met with little success, especially
where discrepancies with ATLANTIS observations appear. The dis-
crepancies are obvious, and since with two exceptions the USS PURSUIT
GEK's were taken first, with a minimum time difference of 3 days when-
ever the two ships took observations at the same positions, it is
concluded that the variations are significant, depicting the cir-
culation prevalent at the time of observation. The two exceptions
are USS PURSUIT GEK's 13-14 and 15-16, with speeds exceeding one knot.
These were taken within an hour or two of ATLANTIS observations at the
same locations, where the latter found equally strong currents running
in opposite directions. It is believed that the electrodes on the
USS PURSUIT's GEK were connected in reverse at these stations which
would account for the 1800 discrepancies. This belief is supported
in part by the USS PURSUIT boat sheets which show a calculated drift
of 2.8 knots setting 1670 T at the location of GFKs 15-16, but a drift
of .44 knot setting 3290 T at GEKs 13-i6 Credence is accorded the
ATLANTIS data, since the ATLANTIS GEK's were supported by additional
observations with drogues. The remaining USS PURSUIT GEK's are sub-
stantiated by calculated current direction and ship's drift and by
ATTANT IS datao

It is believed that the circulation was in a state of flux at
the initiation of the USS PURSUIT survey, while the ATLANTIS found
an established system (the reverse of the accepted pattern) which
began shifting before her departure. By the time the USS SAN PABLO
surveyed thc area 6 weeks later, the system of east-to-west movement
was re-established. Figures 6, 7, and 8 show the GEK data obtained
by the three ships.
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The striking differences in the data from the three ships imply
a current system far more flexible than was previously believed to
exist. The high surface current speeds found in all three surveys
are previously unrecorded features of the circulatory system, as is
the large eddy inferred from tho USS SAN PABLO observations. This
eddy must be of a most transient nature, otherwise it could scarcely
have escaped notice so long. Of equal interest are the apparent
similarities found during the three surveys, particularly the eddy
off Punta Maisi and the persistent eastward drift along the southern
coast of Cuba.

LEGEND- 7.

MRSI WOKATEI CU enesO, Te RCTINIk'SqqI ,I S "

HL FMY PEATHE t 0 CNOT ; -7 33
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Fig. 6. Surface cur.ents USS PURSUIT GEK observations 14-28 March 1953

USS PURSUIT (fig. 6). Currents set southeastward through the
northern and southwestern parts of the area with a westward counter-
flow through the western central section. If GEK 's 13-14 and 15-16
are reversed 1800, observations in the eastern portion of the area
support the ATLANTIS findings.
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Fig. 7. Surface currents RV ATLANTIS GEK observations 18 March to 13 April 1953

RV ATLAIS (fig. 7). Eastward and southeasbrard drift occurs
th-ou. hout tho central. section; thence movement is southward bet feen
J:.-aica and IUspaniola. Currents set northcastward across Windard
Pasg. An eddy forrs off Punta Naisi (Cape Maysi). Bet!.een
Uir_.d:..ard Passage and Mtspaniola, movement is south;estard and
thzce southrward.

Bc~teen Jamaica and fHspaniola, where surface and subsurface
drogcos wera used in addition to the GEK, the ATLANTIS found strong
sou-tk:.ard currents in the top 200 meters.

The t.o westornmost sections were obtained on 24 M-arch and 6
tkrough 8 April, reading from left to right. The earlier series of
observations shoued all floi moving eastward. Subsequently, a de-
finite shift was noted, except along the southern coast of Cuba,
whore the eastward drift persisted.
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Volume transport has been calculated from USS PURSUIT data above
a depth of stability having a sigma-t value of 27.52, which averages
920 meters over the entire area. It was felt that this would be more
accurate quantitatively than referring the calculatio3 to 1,200 meters,
as was done with the dynamic topography, although the horizontal flow
is almost unifora to this depth. At each station, the weighted mean
anoiialy was calculated referred to the depth at which sigma-t was equal
to 27.52 as read from STD curves. The direction, and volume of transport
is shown in figure 9. Total volume transport a3 ca.culatod is 45 x
106 m3/sec through the area, with an error of 2.h' botucoen incoming and
outgoing transport. The presence of internal tidso, (inferred by figure
l4 and discussod under VI. Tidal Influence) may acco7umit for the error.

+'i5\.. AVOLUWE OF TRANEDORT iof.-DICT EI - IT" ATIIn IN ARO W S / INDICATE"SD I 'DOE

I cDINrcTiox or TSIAN81XiH r INDICArnF fly HFAVY
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S ' ' AT'DIFFERENT SURVEY 4TAGES.

SURFACE CURIt.NE D I " WMRS ATIONS U P IU AUCf r ,
A AROWS INDICATE CURRENT DR~CTIOR

I FATFREM ON ARROWS INICATE CURRENT SPrEr -f)II

4\*~A r v,. ACFLL FEATHE ,5 I KOT
ACH H EAVY Fr ATHRE- 1.0 KNOT

/~GK IAc RSLIKVFD 1BN OFF OWECTIONALLI

I AMAI I AI In 
\ ' I ,

/ / "-.,% _ +-t +++ -'

Fig. 9. Direction and volume of transport calculated to on overage depth of 920 meters -- USS PURSUIT data

For the most part, the GEK's are in good agroemnt with the cal-
culated transport directions. Where the strong currents in disagree-
mont are found, 2 sets, GEK's 25-26 and 27-28, may be explained by
winds of 10 to 14 knots (high for the timo of year) occurring 18 to
20 hours earlier. For GEK's 37-38 no simple expla~ntion presents
it s lf, but other observations taken the same day in the sare general
area support the calculated transport dircction. Too much importance
should not be attach1d to the d1iscrepancios, hou.iver, since it was
in this area that the time lag between G-('s and oceanographic sta-
tions war greatest.
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IV. CtnMuM VEL4CVIM

The presence of surface currents exceeding one knot was noted
throughout the area by the three ships. Currents of this magnitude
are not recorded on any charts of the areas The calculated velocities
shown in figures 10 and 1.1 are further evidence of the existence of
amounts in excess of 1 knot. Figur 1.0 represents the velocit.y
through cross section. computed from volume transport. Figure 31
depicts surface speeds as determined by dynamic topography relative
to 400 meters. It is considered of slight Importance that the
determined velocities do not agree quantitatively with the GEK 'a,
since the cosmted currents are averages across sections often
exceeding 60 miles in length. The sigificant feature is that the
magitudes of the calculated currents and of the QEIC's agree well
in most cases.

1.4
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8 

O.1

Fig. 3D. Current speede (knots) calculated from volume transport through cross sections of 920 waes. average depth
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Fig. 11. Surface current speeds (knots) computed from dynamic topography relative to 400-meter level

V. WATER MASS CHARACTERISTICS

Temperature-salinity correlations are plotted in figures 12a and
12b together with a mean curve for the Yucatan Channel (redrawn from
Iselinp, 1936) which serves as a basis for comparison. The plots in
figure 12a represent those stations having the lowest dynamic heights
relative to 400 meters (see fig. 5), and as such are each a part of an
enclosed circulation. The plots include stations both in the first
and last phase of the PURSUIT survey. In general# the T-S corre-
lations below 200 mters in figure 12a fall farther to the right of
the Yucatan Channel curve than do the correlations in figure 12b,
which represent stations taken in the southwestern section of the
survey area (latter phase of survey). The stations in the northwest
section have been excluded from those composites; however, selected
portions of their T-S diagrams are shown in figure 13. Of these,
the curve for station 17 best fits the correlations In figure 12b.
The water in the central section seems fairly well mixed with the
water from the southwest and east, while in the northwestern area
progressive mixing in the maximum salinity layer (150 to 250 meters)
is observed.

The transport calculations across stations in the northwest
section (taken in the first phase of the USS PURSUIT cruise) in-
dicate an eddy system involving a considerable quantity of water,
which is not borne out by the T-S diagrams. In spite of the time
lag between phases of the cruise, it is apparent that a fair pro-
portion of this water must therefore be diverted southward, as the
transport computations using station data from the second phase
of the cruise show.
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Fig. 12. Comprison of US5 PURSUIT T-S data and T-S curve for Yucatan Channel, redrawn from Iselin,

1936 - (a) PURSUIT stations having lowest dynamic heights relative to 400 motors; and (b) PURSUIT
stations taken In southwestern section during lattr phase of survey

VI. TIDAL INFLUENCE

No tidal currents are in evidence except perhaps close inshore.
However, data from an anchor station occupied by the USS SAN PABLO
between Hispaniola and Jamaica give the interesting result shown infigure 04, whre current speed at the surface is, plotted against

time. The curve closely resembles that of a tidal cycle although
there is little change in direction. It is believed that any tidal
influence is usually masked by the larger circulatory picture.
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Fig. 14. Surface current measurements exhibiting tidal characteristics

VII. CONCLUSIONS

Considerably more work should be done toward integrating
meteorological conditions in the Gulf of Mexico and the North
Atlantic with the current system in this study area. If this ia
done, it might be possible to predict the system which would exi;t
at a specific time, or at least define the percentage of time vin
eastward or westward drift might be e.pectcd.

In addition, further interpretation of the T-S diagrams
should be attempted before this study may be considered as more
than a preliminary report.
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